The aim of this study was to determine the association of lung lesions with carcass and meat quality traits in slaughter pigs and to describe the main morphological features associated with lung lesions. Macroscopic lesions on the lungs were detected in 67.09% of a total of 79 pigs examined. Histopathological examination revealed that acute and chronic interstitial pneumonia represented the commonest changes, detected in 26.67% and 33.33% of the cases, respectively. Bronchopneumonia was found in 33.33% of the cases. By immunohistochemical examination, 26.67% of the lungs showed the presence of severe peribronchiolar and perialveolar infiltration composed predominantly of CD3+ T lymphocytes, which finding may be indicative of viral pneumonia. Regarding the production traits, it was confirmed that pigs with severe lung lesions had the lowest liveweight, hot carcass weight and meatiness, the highest pH value 45 min after slaughtering (pH 45 ) and the highest incidence of dark, firm, dry (DFD) and pale, soft, exudative (PSE) meat. The presence of lung lesions significantly downgraded carcass value and caused a significant deterioration in pork quality.
al., 2012; Čobanović et al., 2015; Štukelj et al., 2015; Szeredi et al., 2015) . In most cases, respiratory diseases occur in subclinical form and, therefore, a clinical examination on the farm of origin cannot be regarded as an efficient method for their assessment (Ostanello et al., 2007) . Therefore, the evaluation of lung lesions at the slaughter line is a valuable tool for estimating the incidence and severity of subclinical respiratory infections on herd level, using macroscopically visible pathological changes as indicators of disease (Fraile et al., 2010) . Laboratory tests can also be useful in detecting subclinical lung lesions at slaughterhouse level (Ostanello et al., 2007) , whereby it is a common practice to combine lung lesion scoring with PCR, culture, immunohistochemistry and/or histopathology (Hillen et al., 2014) .
Several studies have revealed that pork quality is affected by many different factors, such as genetic variables, feeding, slaughter weight, gender as well as pre-slaughter and slaughter conditions (Karabasil et al., 2013a,b; Adamović et al., 2014; Čobanović et al., 2016b,c) . However, only few papers have been published about the relationship between respiratory lesions and pork quality (Minkus et al., 2004; Dailidavičienė et al., 2008 Dailidavičienė et al., , 2009 Permentier et al., 2015) . Some authors have found that lung lesions can increase the tendency towards dark, firm and dry (DFD) meat (Minkus et al., 2004; Dailidavičienė et al., 2008 Dailidavičienė et al., , 2009 , while others reported that lung lesions can contribute to the increased incidence of pale, soft and exudative (PSE) meat (Permentier et al., 2015) . Therefore, the aim of this study was to determine the influence of lung lesions on carcass and meat quality traits in slaughter pigs and to describe the main morphological features associated with these lesions.
Materials and methods

Experimental animals
The study was conducted on five days between December 2015 and January 2016 on 79 fattening pigs (about six months old, with an average live weight of 115.30 ± 3.22 kg) slaughtered in a low-input abattoir, with a weekly throughput of about 100 pigs. All the animals were of the same breed (Yorkshire × Landrace crossbreeds) and originated from a single commercial farm. The animals were fattened in a finishing barn on a fully slatted floor, in groups of 20 individuals in each pen, with an average space allocation of 1 m 2 per pig. The farm had a history of increased occurrence of pneumonia. On the farm, there was no ongoing vaccination programme against respiratory diseases. The treatment conditions, both before and after slaughter, were identical for all pigs and in accordance with conventional industrial practice.
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Macroscopic lung lesions
The lungs of all the pigs examined were evaluated for macroscopically visible lesions based on the method described by Madec and Kobisch (1982) . Pneumonic lesions were scored at the individual level using a five-point scale (0 to 4) on each of the seven lobes depending on the percentage of the lobe affected, where 0 was given if the lobe was without lesions, a score of 1 if the lesion affected less than 25% of the lobe surface, a score of 2 was awarded when the lesion affected between 25% and 50% of the lobe surface, a score of 3 if the lesion affected between 50% and 95% of the lobe surface, and a score of 4 was given when the lesion affected more than 95% of the lobe surface. The score of the lungs was calculated based on the sum of the scores for each of the seven lobes. The lung was scored as 0 when no lesion was present. Scores 1 to 4 indicated mild pneumonia, a score ≥ 5/28 was regarded as moderate to severe pneumonia. Pleurisy was scored at the individual level using a five-point scale (0 to 4), where 0 was given if the lung was without lesions, a score of 1 indicated one pleural adhesion between or at the border of a lung lobe, a score of 2 indicated focal lesions with several pleural adhesions between lung lobes, a score of 3 indicated extensive parietal adhesions of the lung with the thoracic wall, and a score of 4 indicated extensive pleurisy when the entire lung was fixed to the thoracic wall. A score of 1 indicated mild pleurisy, while scores ≥ 2/4 were indicative of moderate to severe pleurisy (Fablet et al., 2012) . Also, any signs of congestion or enlargement of the tracheobronchial and mediastinal lymph nodes were noted as present or absent.
Histopathology
To assess the pathological lesions, samples were taken for further histopathology from every fifth lung at the slaughter line. A total of 15 lungs were analysed whereby samples were taken from the lesions and also from the macroscopically healthy lung tissue. Samples were fixed in 10% neutral buffered formalin for routine histopathological evaluation. Tissues were processed routinely in a LEICA TP1020 automatic tissue processor, embedded in paraffin, and cut at 4 µm. Initial sections were stained with haematoxylin and eosin (HE) and analysed by light microscope (BX51, Olympus Optical, Japan).
Immunohistochemistry
Immunohistochemical (IHC) staining was performed on formalin-fixed and paraffin-embedded 4-µm-thick tissue sections. As primary antibody CD3+ T cell (Dako, A0452) diluted 1:50 in PBS was used. The sections were incubated in a microwave oven at 560 W for 21 min in citrate buffer (pH 6.0) and then treated with methanol containing 0.3% hydrogen peroxide for 15 min at room temperature to inactivate endogenous peroxidase. In order to avoid the nonspecific bind-ing of secondary antibodies, the sections were incubated with 50% normal goat serum in PBS for 20 min (Polaček et al., 2007) . After antigen retrieval and inactivation of endogenous peroxidase, the sections were incubated with primary antibody for one hour in a humid chamber at room temperature (22 ± 3 °C). A streptavidin-immunoperoxidase staining procedure (Dako) was used for immunolabeling. The reaction was visualised using DAB+ (3,3'-diaminobenzidine tetrahydrochloride, DAKO, K3468). Mayer's haematoxylin was used for counterstaining. Aqueous medium glycergel (DAKO, C563) was used in the stained sections for mounting. For validation of the staining procedure, appropriate controls (positive and negative) were used. Slides were evaluated by light microscope (BX51, Olympus Optical, Japan).
Digital images of the histopathological and immunohistochemical slides were taken using an Olympus BX51 optical microscope with an Olympus Color View III digital camera.
Carcass and meat quality analyses
The carcasses were weighed immediately after splitting and final washing to obtain the hot carcass weight, and re-weighed 24 h after chilling to determine the weight of the cooled carcass. The dressing percentage was calculated as (hot carcass weight ÷ live weight) × 100. A single fat thickness measurement at each of two carcass points (between the 13th and 15th dorsal vertebrae on the back, and over the m. gluteus medius at the sacrum) was determined in all carcasses using a metal ruler (with an accuracy of 1.0 mm). Meatiness (%) was calculated according to the Official Gazette (1985) based on the sum of backfat thickness at two points and the hot carcass weight. A Testo 205 portable pH meter (Testo AG, Lenzkirch, Germany) was used to measure meat pH and temperature 45 min post mortem on the m. longissimus dorsi, pars lumbalis, on the left half of the carcass, at the level of the 10th and 11th ribs. Meat quality traits were both measured in duplicate, and the average of the two measurements was taken as the final result. The carcasses showing pH 45 values lower than 6.0 were classified as PSE meat, while those with pH 45 values higher than 6.4 were classified as DFD meat (Adzitey and Nurul, 2011) . Carcasses with a pH 45 between 6.0 and 6.4 were classified as pork of normal quality.
Statistical analysis
All data were analysed using statistical software SPSS (2015) version 23.00. Based on severity of macroscopic lung lesions pigs were classified into three groups: no lung lesions -pigs without macroscopic lung lesions; moderate to severe lung lesions -pigs with a pneumonia score between 0 and 4 and/or pleurisy score 1; and severe lung lesions -pigs with a pneumonia score ≥ 5 and/or a pleurisy score ≥ 2. Based on the severity of histological alterations, all observed microscopic changes were scored using a three-point scale according to Hillen et al. (2014) , and the pigs (n = 15) were divided into three groups: without alterations -pigs without microscopic lung lesions; mild alterations -pigs with mild alterations (single cells) of the lungs; and moderate to severe alterationspigs with marked to severe alterations of the lungs. Data were described by descriptive statistical parameters as the mean value and standard error of the mean. One-way ANOVA was performed to test the effect of lung lesion severity on carcass and meat quality traits. Means significantly different at P < 0.05 were further compared using the Tukey's post-hoc test (multiple comparisons). The incidence of pork quality classes according to the severity of lung lesions was determined by Chi-square test. Pearson correlations were calculated to determine the relationship between lung lesion score and carcass and meat quality traits. Values of P < 0.05 were considered significant.
Results
Only 32.91% of the 79 lungs examined had no visible macroscopic lung lesions (Fig. 1A) , while 53 pigs (67.09%) displayed pneumonia alone or in combination with pleurisy followed by enlargement of the mediastinal lymph nodes. Varying degrees and types of lung lesions were observed in the pigs examined (Fig. 1B) . Tables 1 and 2 show the prevalence and severity of macroscopic and microscopic lung lesions in the pig carcasses examined. Mild and moderate to severe pneumonia, often with consolidation of the cranial lobes, was commonly observed in the pigs examined, while mild and moderate to severe pleurisy was less often recorded.
Histopathological examination revealed the presence of mononuclear cell infiltrate in the interstitium, bronchiolar and alveolar exudates, emphysema, hyperaemia and oedema, as well as haemorrhages. Pulmonary tissue alterations observed in the lungs of 26.67% of the 15 sampled animals during acute interstitial pneumonia consisted of hyperaemia, oedema and mononuclear cell accumulation in the alveolar interstitium which caused further thickening of the alveolar wall. The alveolar airspaces were reduced. Also, hyaline membranes and desquamated pneumocytes of type I were present. Chronic interstitial pneumonia was found in 33.33% of the cases. It was characterised by mononuclear cell accumulation in the interstitium, the presence of type II hyperplastic pneumocytes in the lumen of alveoli, and initial fibrosis. In addition, hyperplasia of the peribronchiolar lymphatic tissue was evident (Fig. 1C) . Microscopic findings revealed mainly interstitial pneumonia. However, almost 30% of animals with a detected interstitial pneumonia also had mucopurulent bronchopneumonia, probably as a result of secondary bacterial infection. The inflammation varied in severity from lung to lung, but it was moderate to severe in most cases. According to our examination, 26.67% of the examined lungs showed the presence of severe peribronchiolar and Acta Veterinaria Hungarica 65, 2017 perialveolar infiltration, composed predominantly of CD3+ T lymphocytes (Fig. 1D) , which could be indicative of a viral aetiology. Marked emphysema was observed in 46.67% of the lungs. However, moderate to severe hyperaemia and oedema were present in 6.67% and moderate to severe haemorrhages in 20.00% of the lungs examined (Table 2) . Table 1 Prevalence and severity of macroscopic lung lesions in the pig carcasses examined (n = 79) The mean values of carcass and meat quality traits and the incidence of pork quality classes according to lung lesion severity are summarised in Table 3 . Pigs having mild and moderate to severe lung lesions had a significantly lower liveweight, hot and cold carcass weights and meatiness (P < 0.05). The same groups of pigs had a significantly higher pH 45 value and incidence of DFD meat (P < 0.05). A significant correlation was found between pneumonia and pleurisy scores and liveweight (r = -0.83 and r = -0.68), hot carcass weight (r = -0.76 and r = -0.64), cold carcass weight (r = -0.71 and r = -0.63), fat thickness on the back (r = 0.44 and r = 0.28) and at the sacrum (r = 0.61 and r = 0.35), meatiness (r = -0.61 and r = -0.34) and pH 45 value (r = 0.52 and r = 0.35) (P < 0.05, data not shown).
Table 3
Mean values (± standard error of the mean) of carcass and meat quality traits, and the incidence of pork quality classes according to the severity of lung lesions (n = 79) 
Discussion
The assessment of lung lesions revealed a high prevalence of pneumonia and pleurisy in the pigs examined. Despite the fact that the investigation was carried out in winter, when the seasonal risk is increased (van Staaveren et al., 2016) , the prevalence of pigs with different degrees of lung lesions was comparable to the results of Hillen et al. (2014) , who reported that 35.6% and 20.3% of the pigs were found to have mild and severe pneumonia, respectively. Furthermore, van Staaveren et al. (2016) reported that 44.8%, 8.6% and 4.8% of the pigs had mild, moderate and severe pneumonia, while 22.4% and 22.8% of the pigs were found to have mild and severe pleurisy, respectively. In our study, the microscopic findings most often revealed acute or subacute-chronic interstitial pneumonia. However, 33.33% of the animals with a detected interstitial pneumonia also had a mucopurulent bronchopneumonia, probably as a result of secondary bacterial or mycoplasma infection, which mainly affects the cranioventral lobes in the form of consolidation.
Lung lesions are often associated with suboptimal production systems and indicate the presence of health problems affecting the pig welfare on the farm of origin (Harley et al., 2012) . Consequently, the meat industry suffers indirect losses of viscera and carcass condemnation and extensive trimming through the reduction in slaughter line speed for a more detailed inspection of suspicious carcasses, and disposal of organs unsuitable for human consumption (Harley et al., 2012; Teixeira et al., 2016) .
In this study, pigs with moderate to severe lung lesions had the lowest liveweight, hot carcass weight and meatiness (P < 0.05) ( Table 3) . These results were strengthened because in this investigation the increase in pneumonia and pleurisy score resulted in a decreased liveweight, hot carcass weight, cold carcass weight and meatiness (P < 0.05). Several studies reported that the presence of severe lung lesions in slaughter pigs resulted in reduced liveweight (Henninger et al., 2014) , hot carcass weight (Minkus et al., 2004; Permentier et al., 2015) and cold carcass weight . This could be attributed to the fact that growth rate, feed conversion and daily weight gain during the fattening period were significantly reduced in pigs with respiratory lesions (Donkó et al., 2005) . During the period of sickness, pigs consume less food than they need, and therefore they are not able to express their maximum genetic potential for muscle protein synthesis (Šoltésová et al., 2015) . Instead of utilising nutrients to increase body mass during the fattening period, the presence of respiratory infection leads to a reduction in muscle and fat tissue synthesis and increases the degradation rates of these tissues, which results in the repartitioning of nutrients toward areas that have a greater need (Šoltésová et al., 2015) . Consequently, these metabolic alterations induce a reduction in body weight and significantly downgrade carcass quality (Ostanello et al., 2007; Čobanović et al., 2016a) .
The current research underlined that pigs with moderate to severe lung lesions had the highest incidence of PSE meat (P < 0.05) (Table 3) . Likewise, Permentier et al. (2015) found a six times greater risk of obtaining PSE meat in pigs with a high lung lesion score than in those with low lung lesion score. In contrast, Minkus et al. (2004) detected PSE meat in only 1.1% of pigs with lung lesions. In this investigation, the highest pH 45 value and incidence of DFD meat were recorded in pigs with moderate to severe lung lesions (P < 0.05, Table 3 ). Similar results were reported by Minkus et al. (2004) , who found that 87% of pigs with lung lesions produced DFD meat, while the incidence of DFD meat in pigs without lung lesions was only 1.8%. Dailidavičienė et al. (2008) emphasised that pigs during the period of sickness need a higher amount of energy which leads to a reduction of glycogen and adenosine triphosphate reservoirs in the muscles post mortem, resulting in a lower production of lactic acid and a higher meat pH value which increase the tendency towards DFD meat. This tendency was also confirmed in the present study, where increased pneumonia and pleurisy scores were associated with significantly increased pH 45 values (P < 0.05). It has been reported that the presence of lung lesions in pigs can lead to some negative effects on pork quality traits such as pH value, water holding capacity, colour, cooking loss, tenderness, and flavour (Dailidavičienė et al., 2008 (Dailidavičienė et al., , 2009 . As a result of the spreading of lung lesions, the meat has poor processing characteristics, reduced shelf life and a greater ability to support bacterial growth than normal-quality meat (Minkus et al., 2004) . Accordingly, meat obtained from pigs with moderate to severe lung lesions does not meet the quality standards to be placed on the meat market and should not be deemed fit for human consumption (Minkus et al., 2004) .
Histopathological examination revealed that the main findings in the lungs were acute and chronic interstitial pneumonia. Immunohistochemical examination showed the presence of severe peribronchiolar and perialveolar infiltration in the lungs, composed predominantly of CD3+ T lymphocytes, which is a finding suggestive of pneumonia of viral origin. The assessment highlighted that depending on the presence and severity of lung lesions the carcass value is significantly downgraded, with a remarkable deterioration in pork quality.
